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ABSTRACT 
Preliminary studies showed that numerous factors effect 
electrical resistance measurements of the xylem-camhium area. 
Some of these include; time of year, air temperature, dia¬ 
meter, species, hark blemishes, callus tissue, decay, and 
measurement techniques. Our results indicated that in urban 
shade trees there was no statistically significant correla¬ 
tion between electrical resistance measurements and tree vi¬ 
gor, as measured by visual crown classification (based on the 
severity of decline symptoms) and by increment core data. 
Similar analysis of measurements taken on trees in a non- 
urban, campus setting showed a significant correlation be¬ 
tween electrical resistance and visual crown symptoms (R=: .*6l), 
however trees with intermediate-vigor crown ratings had the 
highest average electrical resistance measurement, and in¬ 
dividual trees could not be placed in vigor categories due 
to large variations in electrical resistance within each . 
vigor class. No significant correlation was found between 
electrical resistance and applied physiologic stress in 
nursery-grown sugar maples. 
V 
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INTRODUCTION 
Control of a tree disease is often related to early detec¬ 
tion. Once disease symptoms are visible a tree often cannot be 
saved with presently available control measures. As a tree’s 
health declines its vulnerability increases to many weak path¬ 
ogens and enviornmental stress factors which do not usually af¬ 
fect healthy trees. This situation is often the case with non- 
inf ectious diseases, and disease complexes, such as maple de- 
i 
dine, which weaken and eventually kill roadside and other aes¬ 
thetically valuable trees (Hibben, 1964; Griffin, 1965). 
Vigor is a term often used when describing the general health 
or growth rate of trees. Parameters such as; crown ratios, site 
indices, twig-growth increments, rate of wound healing, and ra¬ 
dial growth increments are used as measures of tree vigors. How¬ 
ever, these parameters are usually of limited value in judging 
the health of shade trees. The site limitations of urban set¬ 
tings, the simultaneous presence of many varied environmental 
stress factors, the lack of non-destructive diagnostic techni¬ 
ques, and the high degree of professional expertise necessary 
for early disease detection make vigor detection extremely dif¬ 
ficult . 
increasing death rate of urban and roadside trees, 
especially sugar maples (Acer saccharum Marsh.) (Westing, 1966), 
substantiates the need for early disease detection in shade trees. 
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Reasearch on early detection of tree diseases may provide us with 
a better understanding of tree diebacks and declines. It may' 
also lead to reduced shade tree mortality through prompt applica¬ 
tion of more adequate disease control measures. 
Measurement of electrical resistance of cambial zone tissues 
is a non-destructive technique that has been related to vigor in 
forest trees (Wargo and Skutt, 1975; Polozhentsev and Zolotov, 
I97O; Zhuravleva, 1972). However, little data exists on the ef¬ 
fectiveness of the electrical resistance measurement techniques. 
The literature also indicates that a large amount of unaccount- 
i 
able variation exists between electrical resistance measurements. 
The objectives of this investigation were to determine the most 
suitable measurement techniques, in hopes of eliminating or stand¬ 
ardizing the effects of measurement parameters, and to determine 
if electrical resistance, as measured with a commercial ohmmeter, 
could be used to detect physiologic stress in urban sugar maples. 
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SECTION I 
DEVELOPMENT OF ELECTRICAL RESISTANCE MEASUREMENT TECHNIQUES 
Literature Review 
Various techniques have been used for measuring the elec¬ 
trical resistance of tree tissues (Tattar and Blanchard, 1976). 
Important factors affecting these measurements include; type and 
separation of electrodes ( Fensom, 1966; Kitching, 1966) , size of 
area being measured ( Fensom, 1966; Wargo and Skutt, 1975) , and 
tissue properties (Stone, 1915; Glerum and Krenciglowa, 1970: 
Evert, 1973). 
Uninsulated stainless steel needle electrodes have been 
used most commonly (Glerum and Krenciglowa, 1970; Wilner, 1955, 
1959, 1960; Wargo and Skutt, 1975), but platiniim needle elec¬ 
trodes have also been used (Polozhentsev and Zolotov, 1970). 
Varying depths of electrode insertion and distances of elec¬ 
trode separation are also common. Wilner (1955, 1959, 1960, 1961, 
1964, 1967) has used a clamp-type probe, with the electrodes be¬ 
ing 1.25 cm apart and inserted 0.31 cm into the shoots of fruit 
trees. Electrode separation of 1cm has been used on twigs of 
numerous tree species, and also on 40 year old pine trees (Glerum 
and Krenciglowa, 1970; Polozhentsev and Zolotov, 1970). Other 
electrode separation which have been used are 15 cm (Zhuravleva, 
197 2) , and 5 cmi (Wargo and Skutt, 197 5) . 
The electrical resistance of tissue has been shown to be 
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inversly related to the cross-sectional area being measured 
(Fensom, 1966). A similar relationship was found between elec¬ 
trical resistance and tree diamexer in Quercus spp. (R- -.45) 
using a fixed electrode separation (Wargo and Skutt, 1975)* 
Stone (1915) reported that heartwood, sapwood, cambium, and 
bark each had different electrical properties. By inserting 
electrodes to varying depths he found that the cambium is the 
area of least resistance. Glerum and Krenciglowa (1970) showed 
that each stem tissue (bark and xylem) has its own electrical 
impedance characteristics. The separation of such complex tis¬ 
sue has been shown to have an effect on impedance readings (Evert, 
1973)* He found that peeling off the bark resulted in an increase 
in impedance from 8.8 to 12.0 k-ohms. Wargo and Skutt (1975) 
found that electrodes inserted into the cambial region or the 
outermost wood resulted in the lowest electrical resistance, 
and the deeper insertion of the electrodes had no effect on these 
readings. Another approach to electrical resistance measurement 
was taken by Zhuravleva (1972) who removed the outer bark and 
took mea,surements of the cambium and inner bark areas. 
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Materials and Methods 
Measuring equipment. - Electrical resistance of the cambial area 
(inner bark and outer approximately 1.5 cm of xylem of trees 
was measured with a field ohmmeter (Shigometer model 7950, North¬ 
east Electronics Co., Concord, New Hampshire) (Figure 1). Un¬ 
insulated stainless-steel needle electrodes 38 mm long (Delm- 
horst Instrument Company, Boonton, New Jersey) were attached to 
plastic probe handles and were connected to the ohmmeter with 
1.8 m lengths of single strand copper wire (Figure 2). The ohm¬ 
meter sends out a pulsed electric current and measures resis¬ 
tance to this current on 0 to 50 kilohm (k-ohm) and 0 to 500 k- 
ohm scales (Shigo and Shigo, 1974). Measurements can be read 
accurately to the nearest 0.5 k-ohm. 
Electrode insertion. - The electrodes (placed in a vertical line 
8 cm apart) were manually inserted through the bark and into the 
outer wood; electrical resistance was then recorded. The elec¬ 
trodes were then inserted deeper (approximately 5mm) into the 
wood and electrical resistance was again measured. This procedure 
was repeated until deeper manual insertion became very difficult. 
Effect of electrode separation. - Measurements were taken with 
the electrodes spaced various distances apart. One electrode 
was inserted at the stem base, while the other electrode was in¬ 
serted 15 cm above the base. The upper electrode was then moved 
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vertically at 15 cm intervals, and electrical resistance was mea¬ 
sured at each interval. These measurements were taken on 15 
roadside sugar maples ranging from 10 cm to 77 cm in diameter 
at breast height (diameter 1.4m above the ground, dbh), and on 5 
nursery-grown sugar maples ranging from 7 cm to 12.5 cm in dbh. 
Effect of height above ground. - Electrical resistance measure¬ 
ments were taken on the lower and upper tree bole using both 8 cm 
and 1.5 m electrode separations. Fifteen roadside sugar maples 
approximately 20 m apart, and ranging from 52 cm to 78 cm in dbh 
were measured. Three electrical resistance measurements were 
taken (east, south, and west sides) at each of two locations on the 
bole of each tree; 2 m and 7 to 11 m, respectively, above the 
soil line. 
Effect of diameter. - Electrical resistance measurements were tak¬ 
en on 21 nursery-grown sugar maples. They were taken on the tree 
bole approximately 1.4 m above the soil line. Three measurements 
were taken per tree, as described above, with the electrodes ver¬ 
tically spaced 8 cm apart. Tree diameter was measured to the 
nearest 0.25 cm using a diameter caliper; these measurements rang¬ 
ed from 5 cm to 12.5 cm. 
Results 
Electrode insertion. - Insertion of the electrodes was found to 
be a critical step in electrical resistance measurement. Un- 
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blemished bark areas often cover patches of dead or callus tis¬ 
sue. Measurement of these ar-eas can result in electrical resis¬ 
tance readings different from those of normal healthy tissue. 
The lowest electrical resistance readings were obtained by in¬ 
serting the electrodes in bark fissures 1.5 to 2.0 cm into the 
tree, or until further insertion became very difficult. 
Effects of electrode separation. - A strong linear relationship 
(R =.997) existed between electrical resistance and electrode 
separation in small diameter trees (Figure 3-A). However, this 
relationship decreases as tree diameter increses (Figure 3-B,C). 
The electrical resistance measurements of trees having diameters 
between 22 cm and 40 cm are influenced less by electrode separa¬ 
tion than are trees with smaller diameters (Figure 3-B), and no 
correlation was found between electrical resistance and electrode 
separation in trees larger than 40 cm in diameter (Figure 3-C). 
Measurements on nursery trees also show that a strong lin¬ 
ear relationship exist between electrical resistance and elec¬ 
trode separation in trees of small diameter (7cm to 12.5 cm) 
(Figure 4). Similar findings were observed on silver, red, and 
norway maples (Appendix I). In addition, these data show that 
the influence of electrode separation on electrical resistance 
varies between individual trees, as indicated by different slope 
(Figure 4). 
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Location of electrodes. - No significant (.05) difference was 
found between upper and lower trunk measurements using either 
an 8 cm or 1.5 m electrode separation. 
Diameter effect. - There was a significant (.01) relationship 
between electrical resistance and tree diameter in sugar maples. 
As tree diameter increased electrical resistance decreased (R= 
-.67) (Figure 5). A similar inverse relationship was found in 
three other maples species (silver, red, and norway) (Appendix 
I). Trees larger than 12.5 cm in diameter were not measured in 
this study. 
Discussion 
Wargo and Skutt (1975) reported that insertion of the elec¬ 
trodes beyond the cambial region or outermost wood resulted in 
no further electrical resistance change. However, our findings 
indicate that although the electrodes are inserted into the wood, 
deeper insertion (manually) can result in a lowering of the elec¬ 
trical resistance. 
Fensom (1966) reported that electrical resistance of plant 
tissue is proportional to the distance between the electrodes 
and inversly proportional to the cross sectional area being mea- 
2 
sured (R<^ l/I : R - resistance; L - length between electrodes; 
I “ path cross section). According to this theory electrical 
9 
resistance should increase as electrode separation increases, 
and decrease as tree diameter- increases, since cross sectional 
area is a function of diameter. 
Results of this study indicate that in trees approximately 
15 cm dbh or less electrical resistance is proportional to elec¬ 
trode separation, however, this relationship does not appear to 
hold true in trees larger than 15 cm dbh. These results do not 
necessarily disagree with electrical theory. In small diameter 
trees the current pathway may be restricted by the tree size, thus 
a small increase in electrode separation would result in a large 
2 
electrical resistance change (Rcc L/I ). In larger diameter trees 
(greater than 15 cm dbh) an increase in electrode separation is 
reflected by a much smaller increase in electrical resistance. 
This smaller increase in electrical resistance would not be de¬ 
tectable due to the limited accuracy of our measuring device 
(0.5 k-ohms). 
Wargo and Skutt (1975) found electrical resistance to be 
significantly correlated with tree diameter (R = -.45). We 
found this same significant correlation (R = -.67) in 5 to 12.5 
cm dbh trees. These results also concur the Fenscm's (1966) 
theory on electrical resistance of plant tissue. 
These findings indicate the following: 1) care should be 
taken when inserting electrodes to insure that viable tissue 
is being measured and that the electrodes are inserted as deeply 
10 
as possible; 2) electrode separation should be consistent on 
small diameter trees (15 cm dbh or less); 3) olectrical resis¬ 
tance measurements taken at breast height will be as meaning¬ 
ful as measurements taken on the higher portions of the tree 
bole; 4) tree diameter is an important factor which must be 
considered when measuring electrical resist nee. 
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Figure 1 Shigometer, a commercial field ohmmeter, with 
electrpdes attached. 
r’igure 1, 
.IE A 
Electrodes used in all electrical resistance Figure 2. 
measurements. 
figure 
) 
I 
( 
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Figure 3. Effect of vertical electrode separation on elec- 
resistance measurements in sugar maples. Each 
data point represents the mean of 5 trees with¬ 
in each diameter group (A,B, and C,). A) tree 
diameter less than or equal to 20 cm. B) tree 
diameter greater than 20 cm but not greater than 
C) tree diameter greater than 40 cm. 4 0 cm. 
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Figure 4. Effect of vertical electrode separation on 
electrical resistance measurements taken on 
5 individual nursery-grown sugar maples. 
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Figure 5. Effect of tree diameter (at breast height) on 
electrical resistance measurements in sugar 
maples (R=-.67). 
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SECTION II 
RELATIONSHIP OF ELECTRICAL RESISTANCE AND TREE HEALTH 
Literature Reviev/ 
Maple Decline. - The declining health and increasing death rate 
of roadside sugar maples (Acer saccharum Marsh.) throughout the 
Northeast has been attributed to a disease syndrome known as 
maple decline. This problem has been studied extensively dur¬ 
ing the 1960's (Hibben, I962, 1964; Hepting, I963, 1964; Kessler, 
1963; Lacasse and Rich, 1964; Griffin, 1965; Kotheimer et al. 
1967), and is generally accepted as being a disease complex with 
no known primary causal agent (Westing, I966; Hepting, 1971). 
The common symptoms of maple decline includes: marginal leaf 
scorch, subnormal leaf color and size, twig and branch dieback, 
root necrosis, premature foliage coloration and abscission; and 
reduced growth rate (Welch, 1963; Griffin, 1965; Hibben, i960). 
Many of these symptoms however are also characteristic of num¬ 
erous other maladies which affect the health of sugar maples. 
The etiology of maple decline appears to involve the interac¬ 
tion of numerous biotic and abiotic factors. Nematode, salt, soil 
fertility, and physical injuries, as well as air pollution, and 
drought have all been implicated in this disease (Di Sanzo and 
Rohde, 1969; Holmes, I96I; Lacasse and Rich, 1964; Griffin, 1965; 
Mader, 1969; Banfield, I967). Ouellette and Bard (I963) obser¬ 
ved a close relationship between the severity of tree injury, 
canker, or decay and the occurrence of early fall leaf coloration 
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and abscission. This observation is important when consider¬ 
ing that premature fall leaf coloration was used as one of the 
key factors in indexing decline severity (Lacasse and Rich, 1964; 
Kotheimer e_t ad-> 196?). 
Sugar maples grow best on fertile, well drained, yet moist 
sites (Fowells, 1965). These trees are known to be one of the 
shallowest lateral-rooted indigenous species (Stout, 1956), and 
the majority of their feeder roots are within 15 cm of the sur¬ 
face (Scully, 1941). Westing (1966) attributes the wide occur¬ 
ence and severity of maple decline to the species* narrow range 
of tolerence to environmental factors, and its wide-spread 
planting outside of its natural habitat. 
Electrical theory. - There is a growing volume of literature 
concerning plant disease electrophysiology, and electrical re¬ 
sistance measurements which represents the physiologic state 
of plant tissue. Tattar and Blanchard (1976) have recently re¬ 
viewed this literature and discussed the methods, techniques, ' 
and theory related to electrical measurements on plants. There- 
fore, this literature review will only briefly present the rele- 
vent theory on electrical resistance measurements of trees, and 
on its significance to tree health. 
The concentration of dilute electrolytes in plant tissues 
is responsible for the flow of e lec trice current ;(W ill iamseejtsjd., 
1964). In such tissues it is the mobile ions which carry the 
electrical charge (Fensom, 1959). Mobile cation concentration 
IS 
■been found to be inveresly correlated with electrical resistance 
of woody tissue (Wilner, 1955; Tattar ^ aJ., 1972). Ion mobility 
depends upon the size, charge, and degree of hydration of the ions 
(Bull, 1971)• Small pulses of direct current or 60 cycles/second 
alternating current applied to intact plant tissues are believed 
to move primarily through the intercellular spaces with the in¬ 
terstitial fluids being the conducting medium (Fensom, I966; Hay¬ 
den ejfc a^, 1968). These types of applied current least upset 
the living conditions in plants (Williams ejt 1964) . In cases 
where dam.age to the plasmalemma occurs, through injury or disease, 
the current's path is altered, and the concentration of dilute 
electrolytes increases resulting in decreased electrical resis¬ 
tance (Freidman and Jaffee, I96O; Levitt, 1973* Evert, 1973* 
Dosralek, 1973)* Changes in electrical resistance also occur due 
to tissue temperature (Glerum, I969* Fensom, i960), inherent dif¬ 
ferences between species (Stone, 1915* Wargo and Skutt, 1975)* 
stem diameter (Wargo and Skutt, 1975* Fensom, I966), and genetic 
differences between plant varieties (Wilner, i960). 
Electrical resistance and tree health. - Electrical resistance 
variations within plant tissues are known to reflect the physio¬ 
logic state of the tissue (Hayden ^ I968). Electrical re¬ 
sistance, conductivity, and biopotentials of plants have been 
shown to display seasonal changes (Polozhentsev and Zolotov, 1970; 
Fensom, I96O; Burr, 1947)* These electrical measurements have 
also been correlated with cambial activity (Zhuravleva, 1972), 
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frost hardiness (Wilner, I96I; Calder £t 1964), and the hard¬ 
ening off process (Wilner, 1955)• Physiologic stress factors, 
such as defoliation, infectious disease, herbicides, moisture de¬ 
ficiency, and wounding (girdling, severing roots and crov/ns) have 
all been related to electrical measurements of trees (Wargo and 
Skutt, 1975; Tattar and Blanchard, 1976; Zaerr, 1972; Glerum, 
1962; Levengood, 1973; Polozhentsev and Zolotov, 1970). 
Levengood (I969, 1973) measured electrical resistance in 
woody plants with the use of a microammeter and dissimilar metal 
electrodes. He was able to detect changes in the current grad¬ 
ients of trees subjected to various severe physiologic stress 
factors: moisture deficiency, girdling, and defoliation. 
The resistance of woody tissues to direct and alternating 
current has also been shown to indicate the presence of physio¬ 
logic stress in trees. Hitching (I966), using alternating cur¬ 
rent, was able to relate electrical resistance of Douglas fir 
(Pseudotsuga menziezii (Mirb) Franco), European beech (Fagus 
sylvatica L.), and European birch (Betula pendula Roth.) stems 
to moisture stress. The higher resistance readings occurred 
during periods of relative drought. Electrical resistance mea¬ 
surements have also been found to be significantly correlated 
with "self-vigor" of apple scions (Taper and Ling, 1964). A Dir¬ 
ect relationship between electrical resistance of shoots and 
the known "rootstock vigor effect" on apple scion vigor has also 
been reported (Taper and Ling, I96I). High electrical resis- 
20 
'tance was indicative of vigorous root stocks, while low electri¬ 
cal resistance indicated dwarfing. In contradiction, Zhuravleva 
(1972) and Wargo and Skutt (1975)» using similar techniques on 
growing spruce (Picea sp.) and oaks (Quercus spp.) respectively, 
found a reverse correlation between vigor and resistance. High¬ 
er electrical resistance indicated slow growth or physiologic 
stress, whereas low resistance indicated vigorous trees. 
In bast tissues of pines (Pinus sp.) the electrical resis¬ 
tance to a lov/ frequency current was found to be related to the 
severity of applied physiologic stress (Polozhentsev and Zolotov, 
1970). These electrical resista.nce values were "satisfactorily" 
used as indices in diagnosing the physiologic state of trees 
within the limits of broad vigor categories (Healthy, sick, dy¬ 
ing) . Zhuravleva (1972) evaluated the cambial activity of 
spruce trees with a field ohmmeter, and found a signifleant 
correlation (R—-.59) between electrical resistance and annual 
growth. These results indicated that electrical resistance of 
• 
the"pre-cambial-stratum" (the cambium and the living part of 
the inner bark) can be used together with crown appearance for 
judging the physiologic condition of trees. Electrical resis-f 
tance has also been correlated with defoliation of oaks by 
gypsy moth (Lymantria.dispar L.) (Wargo and Skutt, 1975)* In 
these studies resistance measurements increased as the rela¬ 
tive severity and frequency of defoliation increased . 
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Materials and Methods 
Non-urban shade trees. - Seventy sugar maples were selected 
on the University of Massachusetts Amherst Campus. The trees 
were evenly divided between five crown vigor classes (based on 
severity of decline symptoms) (Figures 6-10) . Each crown class 
contained 14 trees of different diameters (ranging from 10 cm 
to 75 cm). Electrical resistance measurements were taken on 
8/5/75 using a 1 meter vertical electrode separation. The upper 
electrode was inserted in the tree approximately 1.5 m above 
the soil. Three measurements were taken per tree as previously 
described (Section I)/ and the mean values computed. Since tree 
diameter was shown to be significantly correlated with electrical 
resistance (Section I) diameter was used as the covariate in 
data analysis. 
Urban shade trees. - A similar experiment was conducted on 8/21/75 
and again on 9/2/75 using 70 sugar maples located at curbside along 
streets in West Springfield, Massachusetts. Radial growth data 
was also obtained with increm.ent cores from 53 of the 7 0 plot trees 
with a 5 mm diameter increment borer. Two increment cores were 
taken from trees with asymetric radial growth (40 of the 53 trees), 
and the mean growth values were used in analysis. All increment 
cores were glued into wood blocks, sliced lengthwise, and stained 
with a 1% aqueous crystal violet solution for visual inspection 
under a binocular microscope. The number of annual rings in the 
outer 2.5 cm of wood, and the radial width of the outer 5 annual 
rings were recorded. 
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Applied physiologic stress. - Twenty-one nursery-grown sugar 
maples ranging from 5 cm to 12.5 cm in diameter (dbh) were used 
in this study. The trees had been purchased from Adams Nursery, 
Westfield, Massachusetts and transplanted to the University of 
Massachusetts Shade Tree Nursery in 1962, and were 2.5 cm to 
3.75 cm in diameter (dbh) in 1964. 
Physiologic stress was induced on 15 of the 21 plot trees 
during the last week of May, 1975. Roots of seven trees were 
cut by digging a trench approximately 1 meter deep with a back- 
hoe along one-side.of the trees. This operation resulted in the 
severing of approximately 50% of their root systems. Eight trees 
were subjected to suffocation stress by covering the ground 
around the trees with polyethylene tarpaulins 0.01 cm thick. The 
tarpaulins were closely fitted to the base of the trees and ex¬ 
tended outward approximately Im beyond the drip line of the 
crowns. All seams were sealed with waterproof tape, and the tar¬ 
paulins were weighted with a 5 cm layer of soil. The remaining 
six trees were used as controls. 
Electrical resistance measurements were taken periodically 
between April 11th and October 9th (Figure 17 and 18). All mea¬ 
surements were taken within a one hour period on each measurement 
date and air temperature was recorded. Three measurements were 
taken per tree, as previously described in Section I, and a mean 
electrical resistance value was determined. Statistical analysis 
was performed separately on electrical resistance data collected 
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on each measurement date, and tree diameter (dbh) was used 
as the covariate in this anaylsis. An 8 cm electrode separa¬ 
tion was used on all measurements taken prior to July 22nd, 
whereas a 1 meter separation was used on measurements taken after 
that date. On July 22nd both 8 cm and 1 meter electrode separa¬ 
tions were used. 
Results 
Non-urban shade trees. - Analysis of variance showed a signifi¬ 
cant (.01) interaction between electrical resistance and visual 
crown symptoms (Table 1-A), however, trees of intermediate vi^or 
crown ratings had the highest average electrical resistance 
measurements, and individual trees could not be placed in vigor 
categories due to large variations in electrical resistance 
within each vigor class (Figure 11). 
In order to make the visual crown classification more objec¬ 
tive, analysis of variance was performed using only 42 of the 70 
trees. Trees in crown class II and IV were eliminated, thus re¬ 
ducing the chance for classification error. Results showed an 
increase in the strength of the correlation between electrical 
resistance and visual crown classification (Table 1-B). How¬ 
ever, the data were no more meaningful statistically due to large 
variations in electrical resistance within each vigor class 
(Figure 11) . 
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Urban shade trees. - Analysis of data collected on 8/21/75 in¬ 
dicates that no significant interaction exists between elec¬ 
trical resistance and crown symptom expression on urban sugar 
maples (Table 2-A) . The elimination of crov/n classes II and 
IV, as described above, did not change the significance (Table 
2-B). The mean electrical resistance values of all 5 crown 
classes were within 1 k-ohm of each other (Figure 12-A) , and the 
adjustment for tree diameter did not result in any improvement 
in significance (Figure 12-B). Data collected on 9/5/75 also in¬ 
dicated a similar lack of interaction (Table 3) (Figure 13). 
Analysis of radial growth date obtained from increment cores 
showed that no significant (.05) correlation could be demonstrated 
between electrical resistance and the number of growth rings in the 
outer 2.5 cm of wood (Figure 14), or between electrical resistance 
and radial width of the outer 5 annual growth rings (Figure 15). 
An attempt was made to establish a relationship by eliminating 
growth data based on only one increment core, but this attempt 
failed. The use of radial growth/diameter ratio also failed to 
establish a relationship between electrical resistance and rad¬ 
ial growth. 
A highly significant (.01) correlation was found to exist 
between visual crown classification and the number of annual 
growth rings in the outer 2.5 cm of wood (Figure 16). This in¬ 
dicates that the degree of crown symptom expression reflects 
radial growth to some extent. 
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Applied physiologic stress. - On 5 of the 6 measurement dates 
prior to stress application the mean electrical resistance value 
of the root injury plot was significantly (.05) lower than the 
mean values of the suffocation and control plots. After stress 
application (6/1/75 through 10/9/75) there was no significant 
(.05) difference between the mean electrical resistance values 
of the stress plots and those of the control plot (using either an 
8 cm or a 1 meter electrode separation). However, on October 9th 
the mean electrical resistance value of the root injury plot was 
significantly (.05) lower than that of the suffocation plot. 
Variation in electrical resistance measurements between in¬ 
dividual trees within each treatment plot increased (standard 
deviation increased from 1.10 to 3.83) upon changing from an 8 cm 
to a 1 m electrode separation. The use of a 1 meter separation 
allowed trends to be detected which were not readily apparent 
with an 8 cm electrode separation (Figure 19). Electrical resist¬ 
ance measurements taken from the suffocation plot trees (using a 
1 meter electrode separation) show two distinct groupings of trees 
(Figure 20). Dividing these trees on the basis of growth rate, as 
indicated by diameter (dbh), it can be seen that the slowest growing 
trees are still in the higher electrical resistance range (Figure 
20). However, this trend does not hold true in the root injury 
plot (Figure 21), nor in the control plot (Figure 22). 
Prior to stress application all plot trees appeared to be in 
good health (no readily apparent decline symptoms). However in 
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early September, 3 months after stress was applied, premature 
fall leaf coloration and abscission was clearly evident in the 
suffocation plot. The following spring 3 trees failed to leaf 
out, and numerous other trees were displaying crown symptoms 
characteristic of maple decline. The dead trees were examined 
to determine if death had occured due to some infectious disease 
unrelated to the applied stress; no such evidence was found. In 
the suffocation plot (Figure 2 0)/ of the four trees in the high 
electrical resistance range two died, one is displaying decline 
1 
symptoms, and one appears healthy. Of the four trees in the 
lower range two are declining, and two appear healthy. In the 
root injury plot (Figure 21)^ one tree died, one is declining, 
and five appear healthy. Of these root injury trees, the tree 
which died gave low electrical resistance measurements through¬ 
out the season, and displayed no apparent s^TTiptoms, while the 
tree which is displaying symptoms gave the highest measurements. 
One control tree is displaying decline symptoms and the remain¬ 
ing 5 appears healthy. 
Seasonal trend of electrical resistance. - Results of the nursery 
study shows that electrical resistance followed a seasonal pattern 
in nursery trees. Electrical resistance was high during the dor- 
niant period, steadily decreased during the spring until mid June, 
i^emained constant during the early and mid summer, and began to 
increase in mid August until late fall when measurements of in¬ 
dividual trees often exceeds 50 k-ohms. Multiple regression ana- 
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lysis shows that the date of measurement, ambient air temperature 
at time of measurement, and tree diameter (dbh) are all signi¬ 
ficantly (.01) correlated with electrical resistance (Table 4). 
The strength of the correlation between electrical resistance, 
date and air temperature decreased during the latter measurement 
period (7/22/75 through 10/9/75), whereas the correlation between 
electrical resistance and tree diameter was increased during this 
same period (Table 4). 
Discussion 
No correlation was found between electrical resistance of 
urban sugar maples and their radial growth rate or the severity 
of decline symptoms. However, a significant non-linear corre¬ 
lation was found between electrical resistance of non-urban sugar 
maples and decline symptoms. It cannot be determined from this 
study whether the difference between the results of the urban 
and non-urban shade trees is due to the elimination of an unknown 
variable. However, in both cases electrical resistance could not 
be used as a criterion for tree vigor classification in sugar 
maple shade trees. 
Wilner (1964) showed that significant differences in elec¬ 
trical resistance occurred between twigs of 3 varieties of apples 
and also between the progenies of crosses involving the 3 var¬ 
ieties. His results indicate that genetic variation within a 
population of sugar maples may be sufficient to mask any trends 
^hich may be related to electrical resistance and tree vigor. 
28 
Electrical resistance measurements of spruce trees were 
found to be significantly correlated with annual radial growth 
(R~-.59) (Zhuravleva, 1972). These measurements were used along 
with visual classification to evaluated tree vigor. If the dia¬ 
meter effect (Section I) is in fact due to radial growth our 
results (R=:-.67) agree with those of Zhuravleva (1972). How¬ 
ever, the data collected from nursery trees also shows that elec¬ 
trical resistance could not be used in conjunction with decline 
symptoms to classify health of sugar maples. 
Electrical resistance of forest trees have also been cor¬ 
related with the frequency of defoliation (complete defoliation 
in 1973; defoliated moderately to severely in 1973» and complete¬ 
ly in 197^; and defoliated completely in 1973 and 197^ (Wargo and 
Skutt, 1975)» as well as severe physical injury (girdling; prun¬ 
ing horizontal roots to a depth of 0.5 m; and cutting down the 
crown) (Polozhentsev and Zolotov, 1970). However, severe phy¬ 
siologic stress such as the above does not seem comparable to 
the gradual decline of urban sugar maples. 
Conclusion 
Electrical resistance has been related to vigor in forest 
trees (Wargo and Skutt, 1975)* However, our findings do not show 
this relationship in shade trees. There are obvious differences 
between our two studies. These include the species used ( oaks 
versus maple's), and the site environment (forest versus urban) 
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These factors could conceivably account for the contradicting 
results. Less obvious is the differences between the anatomy 
of the xylem in the species used in these studies (ring-porous 
versus diffuse porous). 
Tyree and Zimmermann (1970) found that current flow in red 
maple stems, as measured with a standard conductivity bridge, is 
related to xylem sap flow. Our findings indicate that deeper in¬ 
sertion of electrodes beyond the cambial zone and outermost xylem 
results in a decrease in electrical resistance of 1 to 2 k-ohms. 
It therefore seems plausible that electrical resistance measure¬ 
ments may be affected by transpiration rates. In ring-porous 
species such as oaks, xylem vessels are laid down at the begin¬ 
ning of the growing season. Transpiration may be less likely to 
affect electrical resistance in ring-porous than in diffuse-porous 
species, because of the fiberous latewood that would be external 
to the xylem vessels during much of the season. It also is plaus¬ 
ible that the percentage of bark and xylem tissue being measured 
may influence electrical resistance, even though a standardized 
depth of electrode insertion is being used. These factors could 
explain unaccountable variation which is shown in both studies. 
Studies using standardized techniques, with respect to the 
type of stem tissue being measured, may prove helpful in assess¬ 
ing the usefulness of these electrical resistance measurements 
as an indicator of tree health. 
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Figure 6. An example of a tree in Crown Vigor Class I. 
Classification criteria: relatively few dead 
twigs in upper crown, may have an occasional 
large branch stub on upper bole; no dead branches 
visible in upper crown; foliage density appears 
normal; normal fall leaf coloration occurence. 
Figure u. 
4 
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Figure 7. An example of a tree in Crown Vigor Class II. 
Classification criteria: more than a few dead 
twigs in upper crov/n; an occassional small dead 
branch in upper crown, may have an occassional 
large branch stub on upper bole; foliage density 
appears normal; leaf color and size appears nor¬ 
mal; slight premature leaf coloration (1-2 weeks) 
in upper crown. 
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Figure 8. An example of a tree in Crown Vigor Class III. 
Classification criteria; numerous dead twigs 
in upper crown; an occassional large dead branch 
in upper crown, may have a few large branch stubs 
on upper bole; foliage density may appear subnor¬ 
mal; leaf color and size may appear subnormal; 
premature fall leaf coloration (3-4 weeks) start- 
in upper crov/n. 
■'"i Kure 
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Figures 9. An example of a tree in Crown Vigor Class IV. 
Classification criteria: numerous dead twigs 
throughout crown; large dead branches through¬ 
out crown, may have numerous branch stubs on 
upper and mid bole; foliage density appears 
subnormal; leaf color and size appears sub¬ 
normal; premature fall leaf coloration occurs 
(usually 6-8 weeks). 
;-’igure 9. 
I 
34 
Figure 10. An example of a tree in Crown Vigor Class V. 
Classification criteria: numerous dead twigs 
throughout crown; large dead branches through¬ 
out crown, upper crovm completely dead (or evi¬ 
dence of heavy pruning), may have numerous 
branch stubs on mid bole; foliage density ap¬ 
pears subnormal; leaf color and size appears 
subnormal; fall leaf coloration usually occurs 
in July or earlier. 
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Figure 11. The effect of vigor (based on decline symptoms) 
on electrical resistance measurements taken 
8/5/75 on sugar maples located on the Univ. of 
Mass. Amherst Campus. A) mean electrical resis¬ 
tance values (based on 42 measurements taken on 
a total of 14 trees in each crown class) with 
95% confidence intervals. B) mean electrical 
resistance values adjusted for the covariate 
(dbh). 
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Figure 12. The effect of vigor (based on decline symptoms) 
on electrical resistance taken 8/21/75 on ur¬ 
ban sugar maples located at curbsi.de along streets 
in West.Springfield, Mass. A) mean electrical 
2^0sistance values (based on 42 measurements taken 
14 trees in each crown class) with 95% confidence 
ij^tervals. B) mean electrical resistance values 
adjusted for the covariate (dbh). 
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Figure 13. The effect of vigor (based on decline symptoms) 
on electrical resistance taken (9/2/75 on urban 
sugar maples located at curbside along streets 
in West Springfield, Mass. A) mean electrical 
resistance values (based on 42 measurements 
taken on 14 trees in each crown class) with 95% 
confidence intervals. B) mean electrical re¬ 
sistance values adjusted for the covariate (dbh). 
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Figure 14. The effect of radial growth rate (number of 
growth rings in the outer 2.5 cm of wood) on 
electrical resistance measurements taken on 
urban sugar maples (located at curbside). 
R=-.005, Significance of R=.969, Intercept 
(A)=9.80, Slope (B)=-.002. 
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Figure 15. The effect of radial growth rate (last 5 years 
radial growth) on electrical resistance taken 
on urban sugar maples (located at curbside). 
R=.073, significance of R=.601, intercept 
(A)=9.43, slope (B)=.023. 
IQ
 
• • 
• • 
• e 
® • • •• 
« • • • 
• • o • 
:V~0 
CO CN O (7) CO 
"(su jo-"^) 
3DNViSiS • 1VDiai33T3 
* ■ 1 
i.~. : f .j 
'Si-^ j 
L
A
S
T
 
5 
Y
E
A
R
S
 
R
A
D
IA
L
 
G
R
O
W
T
H
 
40 
Figura 16. The effect of vigor (based on decline symptoms) 
on radial growth (number of growth rings in the 
outer 2.5 cm of wood) of 53 urban sugar maples 
(located at curbside). 
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Figure 17. The mean electrical resistance values, of the 
cambial area of nursery-grown sugar maples 
(based on 3 measurements per tree in each of 
the treatment plots), collected between 4/11/75 
and 7/22/75 using an 8 cm electrode separation. 
ajggBmmt: ^S3 
1/1 LU 
LU 
1/1 LU 
LU t-'.J !— 
UJ >- CO 
e; 
1 hs 
'C 
Z 
W- o 
-J }“ ►** 
O o < 
o u 
>- Ci O 
u. 
K- LL. 
o 13 3 
u U »/5 
ic-T 
i 
§ 
•jic-i 
}]fN 
M 
(SLULIO-Vi) 
3DNViS!S3^ lVDiaiD313 
^A
E
A
SU
R
B
M
E
N
T
 
D
A
TE
 
(m
o
n
th
/d
ay
 
19
75
) 
42 
Figure 18. The mean electrical resistance values of the 
cambial area of nursery-grown sugar maples 
(based on 3 measurements per tree in each or the 
treatment plots), collected between 7/22/75 and 
10/9/75 using a 1 meter electrode separation. 
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Figure 19. A comparison of mean electrical resistance 
measurements (based on 3 measurements per 
tree) taken from individual nursery-grown 
sugar maples, in the physiologic stress plots, 
on 7/22/75 using 8 cm and 1 m electrode separ¬ 
ations . 
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Figure 20. The mean electrical resistance values of the 
individual suffocation plot trees (based on 
3 measurements per tree) taken between 7/22/75 
and 10/9/75 using aim electrode separation. 
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Figure 21. The mean electrical resistance values of the 
individual root injury plot trees (based on 
3 measurements per tree) taken between 7/22/75 
and 10/9/75 using a Im electrode separation. 
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Figure 22. The mean electrical resistance value of the 
individual control plot trees (based on 3 
measurements per tree) taken between 7/22/75 
and 10/9/75 using aim electrode separation. 
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TABLE 1. Analysis of variance of the effect of crown vigor 
class on electrical resistance measurements taken 8/5/75 on 
non-urban sugar maples. A) All five crown classes. B) Crown 
classes I, III, and V. 
A) 
Source of variation DF F-test Significance of F 
Diameter (dbh) 1 15.55 .001 
Crown Class 4 5.47 .001 
B) 
Source of variation DF F-test Significance of F 
Diameter (dbh) 1 17.78 .001 
Crown Class 2 10.95 .001 
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TABLE 2. Analysis of variance of the effect of crown vigor 
class on electrical resistance measurements taken 8/21/75 on 
urban sugar maples. A) All five crown classes. B) Crown 
classes I, ill, and V. 
■ 
A) 
Source of variations DF F-test Significance of F 
Diameter (dbh) 1 7.83 .007 
Crown Class 4 0.23 .999 
B) 
Source of variation DF F-test Significance of F 
Diam.eter (dbh) 1 5.82 .020 
Crown Class 2 0.00 .999 
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TABLE 3. Analysis of variance of the effect of crown vigor class 
on electrical resistance measurements taken 9/2/75 on urban sugar 
maples. A) All five 
V. 
crown classes. B) Crown classes I, and 
A) 
Source of variation DF F-test Significance of F 
Diameter (dbh) 1 2.14 .145 
Crown Class 4 0.12 .999 
B) 
Source of variation DF F-test Significance of F 
Diameter (dbh) 1 1.19 .282 
Crown Class 2 0.16 .999 
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TABLE 4. Multiple regression showing the relationship be¬ 
tween electrical resistance measurements and date of measure¬ 
ment, ambient air temperature at time of measurement, and 
tree diameter at breast height. A) Measurements taken between 
4/11/75 and 7/22/75 using as 8 cm electrode separations. B) 
Measurements taken between 7/22/75 and 10/9/75 using a 1 meter 
electrode separation. 
A) 
Variable 
. / 
Multiple R R squared 
2 
Changed in R Simple R 
Date .750 .562 .562 .750 
Diameter .788 .621 .059 -.221 
Temperature .848 .719 .098 -.802 
B) 
Variable Multiple R R squared Change in R Simple R 
Date .570 .325 .325 .570 
Diameter .734 .539 .213 -.462 
Temperature .792 .627 .088 -.589 
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APPENDIX I 
The effects of vertical electrode separation and tree dia¬ 
meter (dbh) on electrical resistance measurements taken on silver 
maple (Acer saccharinum L.). Norway maple (Acer platanoides L.), 
and red maple (Acer rubrum L.). 
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Figure la. Effect of vertical electrode separation on 
electrical resistance measurements taken on 
individual nursery-grown silver, Norway, and 
red maples. 
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Figure Ib. Effect of tree diameter (at breast height ) 
on electrical resistance of silver maples 
(R-- -.?!) . 
Ti 
I 
j 
CO 
00 
CD 
CjO 
CO 
33NViS!S:- I lVDI^iD3T3 
B
R
E
A
S
T
 
H
E
IG
H
T
 
6o 
Figure Ic. Effect of tree diameter (at breast height) 
on electrical resistance of Norway maples 
(R= -.77). 
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Figure Id. Effect of tree diameter (at breast height) 
on electrical resistance of red maples 
(R=-.74). 
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Appendix II 
The Relationship of Electrical Resistance to the Health 
of Silver, Norway, and Red Maples 
Materials and Methods 
Fifty nursery-grown maple trees (21 silver, 20 Norway, 
and 9 red) located in the University of Massachusetts Shade 
Tree Nursery were used in this experiment. 
Physiologic stress was induced on 28 of the 50 plot trees 
(6 silver, 16 Norway, and 6 red maples). Suffocation stress 
was applied using one of the two following methods: 1) Six 
silver maples were subjected to suffocation stress with the 
use of polyethylene tarpaulins as previously described (Sec¬ 
tion II); 2) Twenty-two trees (16 Norway, and 6 red maples) 
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were subjected to suffocation stress by raising the soil grade 
around the trees approximately 0.60 meters. A wooden frame 
was built completely surrounding the block of fill-plot trees. 
The frame was filled with high clay-content soil, and the soil 
was leveled and packed with a manually powered drum roller. 
Twelve trees were on the periphery of the fill area and had 
approximately 50^ of their root systems covered with fill, the 
other 14 plot trees were completely surrounded by fill. The 
remaining 22 trees were used as controls. 
A soil compaction stress was attempted on a plot con¬ 
taining six silver maples. A one ton mechanized roller was 
driven repeatedly over the root systems for a period of 2i 
hours. However, this stress application was considered inade¬ 
quate because new grass growth and numerous worm holes were 
visible on the compaction site within one week of stress ap¬ 
plication. 
To determine whether moisture stress could be induced 
with the use of polyethylene tarpaulins (as previously de¬ 
scribed) soil moisture meters (Irrometers, Irrometer Company, 
Riverside, California) were installed in the ground on the 
tarp—suffocation and control plots. Soil moisture proved to 
be the same on both the stress and control plots. This uni¬ 
formity of soil moisture measurements was attributed to a high 
water table. 
Electrical resistance measurements were taken from all 
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plot trees on 19 measurement dates between 4/11/75 and 10/9/75t 
as previously described (Section II). 
Results 
The data collected on the 50 plot trees has not'been 
statistically analyzed due to the lack of correlation found in 
Section II, and to a similar lack of apparent correlation found 
in this data. Therefore, the data is presented as mean elec¬ 
trical resistance values for each individual tree on each of 
the 19 measurement dates (Table Ila and Ilb). 
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Table Ila. A description of the nursery-grown plot trees 
(silver, red, and Norway maples) used in the physiologic stress 
experiment. 
Plot Number Species DBH (cm) Applied Stress Treatment 
8-1 silver 17.50 control (C) 
8-2 ■ silver 17.25 control 
8-3 silver 16.75 control 
8-4 silver 13.00 control 
8-5 silver 19.50 control 
8-6 silver 17.75 control 
8-7 silver 16.25 control 
00 1 
00 silver 12.75 control 
o
\ 1 
00 silver 16.75 suffocation (S) 
8-10 silver 18.50 suffocation 
8-11 silver 20.75 suffocation 
9-1 silver 10.75 control 
9-2 silver 12.00 control 
9-3 silver 16.25 control 
9-4 silver 14.25 control 
9-5 silver 19.25 control 
9-6 silver 14.75 control 
9-7 silver 11.50 control 
9-8 silver 20.25 suffocation 
9-9 silver -19.50 suffocation 
9-10 silver 10.25 suffocation 
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Plot Number Species DBH (cm) Applied Stress 
10-1 silver 20.00 control 
10-2 silver 10.00 control 
10-3 silver 16.25 control 
10-/1- silver 13.75 control 
10-5 silver 10.75 control 
13-1 Norway 8.75 fill (F) 
13-2 Norway 6.75 i fill (i P) 
13-3 Norway 8.25 i fill 
13-/1 Norway 6.25 i fill 
13-5 Norway 6.00 i fill 
1/1-1 red 10.5 fill 
lil-2 red 10.25 fill 
1/1-3 red 13.25 fill 
14-4 red 7.5 fill 
14-5 red 10.5 fill 
14-6 red 11.25 i fill 
14-7 red 9.5 control 
14-8 red 9.5 control 
14-9 red 9.0 control 
15-1 Norway 10.75 fill 
15-2 Norway 15.50 fill 
15-3 Norway 10.75 fill 
15-4 Norway 12.50 fill 
15-5 N orway 12.50 fill 
Treatment 
6? 
Plot Number Species DBH (cm) Applied Stress Treatment 
15-6 Norway 9.25 i fill 
15-7 Norway 8.75 control 
15-8 Norway 11.50 control 
15-9 Norway 8.25 control 
16-1 Norway 14.00 i fill 
16-2 Norway ' 9.00 i fill 
16-3 Norway 13.25 i fill 
16-4 Norway 12.25 i fill 
16-5 Norway 10.75 i fill 
16-6 Norway 8.50 i fill 
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Table Ilb. Mean electrical resistance (ER-) values of nur¬ 
sery-grown silver, red, and Norway maples (based on 3 
measurements per tree). Measurement values listed according 
to date of measurement. 
Date Air Temperature Weather Electrode Separation 
4/11/75 13c full sun 8 cm 
Plot-Stress 
Number 
Mean 
ER 
Plot-Stress 
Number 
Mean 
ER 
Plot-Stress 
Number 
Mean 
ER 
8-1C 15.3 9-8S 11.3 i4-6fJ 15.7 
8-2C 18.3 9-9S . 17.0 14-7C 14.0 
8-3C 15.5 9-lOS 18.0 14-8C .17.0 
8-4C 19.3 10-1C * 14-9C 
* 
8-5C 17.0 10-2C * 15-lF 15.0 
8-6C 14.7 10-3C •M- 15-2F 14.0 
8'-7C 16.0 10-4C * 15-3F 16.7 
8-8C 11.6 10-5C •M- 15-4F 16.0 
8-9S 15.0 13-IF * 15-5F 16.0 
8-lOS 17.7 13-2Fi * l5-6Fi 13.3 
8-llS 15.0 13-3Fi * 15-7C 16.3 
9-lC 18.0 13-4Fi 15-8C 16.3 
9-2C 20.0 13-5Fi * 15-9C 18.0 
9-3C 19.7 ■14-lF 16.3 16-iFi * 
9-4C 17.7 14-2F 19.7 l6-2Fi * 
9-5C 17.0 14-3F 15.3 l6-3Fi 
9-6C 18.3 14-4F 20.3 l6-4Fi * 
9-7C 17.0 14-5F 16.0 16-5F4 ■M- 
l6-6Fi 
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Data • pn ■ir* Torn Gor-aturo V.’g ■ oha r Klee 'ode Soya ra tion 
4/23/75 21 C full sun 8 cm 
Plot 
i'limbe r 
.'•i G a. n 
rp 
i'lot 
IPjT]inG 
■ I'-Iean 
r FR 
Ploi. 
i'Tuuibc r 
Mean 
8-1 12.3 10-1 
Af 
iC 15-3 13.7 
9-2 13.6 10-2 *% 15-4 12.3 
3-3 11.3 10-3 15-5 12.0 
3-/|. 12.0 10-4 i’f 15-t> 11.3 
3^5 11.3 10-5 i'c 15-7 11.7 
5-6 11.3 13-1 '/f 15—8 11.3 
8-7 11.0 13-2 it 15-9 12.0 
8-8 11.3 13-3 it 16-1 it 
8-9 10.0 13-4 it lb-2 
3-10 10.3 13-5 16- j) 
3-11 10.3 14-1 13.3 16-4 it 
9-1 13.7 14-2 14.3 16-3 .iT 
9-2 13>3 14-3 11.0 16-6 
9-3 13.7 14-4 15.3 
9-4 12.0 14-5 13.7 
9-5 10.0 14-6 12.0 
9-6 12.0 14-7 11.3 
9-7 13.7 14-8 13.3 
9-8 8.3 14-9 14.7 
9-9 11.0 . 15-1 11.3 
'9-10 12.7\ 15-2 11.3 
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Da t0 ■-ir Tomper-ature '/■//; ;ther Electrode Separati 
14/25/75 17 C Overcast 8 cm 
Plot 
NunbR r* 
Kean 
■?p 
I'lot 
NprriQer 
Mean 
ER 
Plot 
K'urabe r 
Mean 
E2 _ 
3-1 12.3 10-1 11.7 
15-3 H4..7 
3*2 13.3 10-2 
18.0 15-4 . 14.0 
3*3 11.3 
10*3 12.3 i5-5 12.7 
8*4 12.3 10-4 14.3 
15-6 12.7 
11.3 10-5 16.0 
• 15~7 12.3 
3-6 11.3 13-1 13.3 
15-3 13.7 
8-7 12.0 13-2 17.0 
15"9 13.3 
8*3 12.0 13-3 16.7 
16-x 15.3 
3*9 11.0 13 17.0 
16-2 16.0 
3-10 14.0 13-5 15.3 16-3 
15.0 
3-11 11.7 14-1 12.7 
16-4 15.0 
9*1 114.0 14**2 15.0 16-5 15.3 
9*2 14.7 14-3 12.3 
16-6 18.0 
9*3 15.7 14-4 15.3 
9*4 13.3 14-5 15.3 
9-5 12.0 14-b 12.5 
9-6 13.0 14-7 12.7 
9*7 14.7 
14-3 14.7 
9-8 9.3 14-9 15.3 
9-9 11.7 i5-i 
13.0 
9-10 14.3 
15-2 13.0 
l 
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Date -ir* Teraporaturo thep Elecopolo Sepapati on 
5/23/7S 23 C full sun 8 cm 
Plot 
Nur.b 0 r 
Kean 
ER 
llot 
Nuinbe 
■ Moan 
p Ell 
Plot 
Ijumbe p 
Mean 
E"r._ 
B"*! 8.3 10-1 9.7 15-3 9.3 
3'"2 8.3 10-2 17.3 15-4 9.0 
0-3 8.0 10-3 10.7 i5-5 8.3 
8 -/ \. 11.7 10-4 11.7 15-6 9.7 
8-5 8.0 10-5 17.0 15-7 9.3 
8-6 7.3 13-1 11.7 
15-8 9.0 
8-7 7.7 13-2 13.0 15-9 9.0 
8-8 8.3 
13-3 
14.0 
16-1 9.7 
8-9 7.3 I3-I1 14.7 
16-2 11.7 
8-10 7.7 13-5 13.7 16-3 11.0 
3-11 7.3 14-1 10.0 16—4 9.7 
9-1 10.7 14-2 10.0 16-5 11.0 
9-2 12.0 14-3 9.0 16-6 12.7 
9-3 10.3 14-4 14.3 
9-4 8.7 14-5 11.3 
9-5 7.3 14-6 11.0 
9-6 8.7 14-7 10.3 • 
9-7 9.7 14-8 10.0 
9-8 6.3 14-9 14.7 
9-9 9.7 i5-i 8.7 
9-10 15.7. l5-2 8.0 
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Da-ce 4ir Temporature , Y:- . r.-PiO r Hlocbrode Sera rat J.on 
5/30/75 20 C Overcast 8 cm 
Plot Kean 3''lot Mean Plot Mean 
Niinbo r* HR Nij-^.bar I4R Numbe r 1« 
8-1 8.0 10-1 7.8 15-3 9.5 
3'*2 9.3 10-2 16.8 15-4 10.0 
'3-3 7.7 10-3 9.2 15-5 9.0 
12o0 10-4 10.7 15-6 11.0 
3-5 8.0 10-5 16.2 15-7 9.7 
8-6 7.8 13-1 9.5 15-8 9.8 
8-7 8.3 13-2 15.2 15-9 10.8 
8—8 8.2 13-3 14.3 16-1 9.7 
8-9 8.0 13-i| 14.3 16-2 11.2 
3—10 8.0 13-5 15.5 16-3 11.5 
3-11 8.5 14-1 9.5 ' 16-4 11.0 
9-1 11.2 14-2 11.5 16-5 11.0 
9-2 10.8 14-3 13.3 16-6 11.7 
9-3 10,8 14-lv 14.2 
9-4 9.3 ±4-5 11.7 
9-5 7.3 14-6 10.8 
9-6 8.2 14-7 11.0 
9-7 10.8 14-8 13.8 
9-8 6.2 14-9 14.7 
9-9 8.8 15-1 8.8 
9-10 14.0 15-2 9.2 
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Dat'? '-‘-ir Tomper ‘ature Vie t her Eloctrcde Separati on 
6/2/75 23 C full sun 8 era 
Plot 
Niunbe p 
Kg an 
k. 
^lot 
NumbBr   . 
Mean 
ER 
Plot 
Nuraba r 
Mean 
T?p ilii. V 
S'”!. 8.8 10-1 7.8 15-3 10.3 
3'"2. 9.2 10-2 15.7 15-4 • 10.3 
3-3 8.0 10-3 9.3 15-5 9.8 
11.2 10-4 9.8 15-6 8.7 
8-5 8.0 10-5 15.5 15-7 10.0 
8-6 8.7 13-1 11.2 15 — 8 9.5 
8-7 7.5 13-2 15.7 15-5 9.2 
8-8 8.5 13-3 14.5 16-1 9.3 
8-9 7.7 13-4 12.5 16-2 11.5 
3—10 7.8 13-5 I4.P 16-3 10.3 
8-11 7.7 14-1 8.8 16-4 11.0 
9-1 9.7 14-2 10.7 16-5 12.3 
9-2 9.8 14-3 8.7 16-6 12.5 
9-3 9.7 14-4 12.3 
9-11 8.7 14-5 9.7 
9-5 7.2 l4“*0 11.7 
9—6 7.5 14-7 9.7 
9-7 10.7 14-8 11.3 
9-8 5.7 14-9 13.3 
9-9 8.5 15-i 8.8 
9-10 14.0 . 15-2 8.7 
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Df, o 4ir _ Tonipe nature VJ':-.. rPne r Eloctrolo Sei^arati on 
b/n/is 24.5 c Partly Clay. 8 ciJi 
Plot Kean ^lot Mean Plot Mean 
NlU!lbG f ■fTP .NrTVo e ir ER Nurnbe r ER 
C
D
 
1 8.3 . 10-1 6.7 15-3 9.3 
9.2 10-2 16.0 15-4 8.2 
c-3 7.3 10-3 8.3 15-5 7.2 
8 "•/1- 9.8 10-4 9.2 15-6 7.7 
3-5 7.3 10-5 15.5 15-7 9.0 
8-6 7.3 13-1 9.5 15-s 9.0 
S’”? 7.3 13-2 14.0 15-9 8.5 
8-8 7.3 13-3 12.3 lb-1 8.8 
8 ®9 6«8 I3-I1 12.2 16-2 
9.0 
8-10 7.8 13-5 14.0 16-3 9.0 
8-11 6.3 14-1 7.8 16-4 9.2 
9-1 8.7 14-2 8.5 16-5 8.3 
9-2 9.7 14-3 7.5 16-'. 11.0 
9-3 9.3 14-4 11.0 
9-Ii. 8.7 14-5 9.8 
9-5 6.3 14-6 12.0 
9-6 7.5 14-7 8.7 
• 
9-7 10.7 14-8 12.2 
9-8 5.7 14-9 14.3 
9-9 7.6 15-1 7.3 
9-10 13.7' 15-2 7.2 
« 
?5 
LJcitS Mr Toni por*atupo \'-j .3 “ 3 or t’lochrcdo So'aration 
6/24/75 28 c Hazy 8 cm 
Plot 
MiuriLe r* 
Mean ^lot 
Ilnt-nper 
Moan 
1:R 
Plot 
Nurabe r 
Mean 
i 
S-l 6.5 10-1 6.7 15-3 8.7 
3 ”>2 8.2 10-2 14.7 15 "4 8.5 
6-^3 6.5 10-3 8i3 15-5 7.8 
8 ”11. 8.9 10-4 8.9 15-6 10.7 
8-5 7.0 10-5 16.2 15-7 9.5 
5-6 6.7 13-1 9.0 15-3 9.2 
8—7 7.2 13-2 14.5 15-9 9.8 
8-8 7.0 13-3 11.0 16-i 8.2 
8-9 6.7 i}-h 13.3 lb-2 10.2 
3-10 7.3 13-5 12.8 16-1 9.3 
8-11 6.5 14-1 9.0 16-4 9.0 
9-1 9.5 14-2 8.5 16-5 8.8 
9-2 9.7 14-3 7.3 16-6 10.0 
9-3 9.0 14-4 11.7 
9-I1 8.7 14-5 8.8 
9-5 6.2 14-5 9.3 
9-6 7.0 14-7 8.5 
9-7 12.0 14-8 10.2 
9-8 5.2 14-9 12.3 
9-9 7.0 • 15-1 7.7 
9-10 13.3. 15-2 7.8 
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DD ^3 ^ir* Tempo ratilr‘G 1 Vlor- her Elec redo So pa rat ion 
7/1/7? 26.5 C full sun 8 cm 
Plot 
Murib? 'T* 
I/ean 
TTP 4. 
flot 
Ili-mber 
Mean 
r,"p 
J. jI\ 
Plot 
Nuiabe r 
Mean 
EH 
8-1 7.2 10-1 6,7 15-3 9.2 
3 *2 8,2 10-2 16.5 15-4 . 9.5 
/> -5 7.0 10-3 8.3 i5-5 8.3 
8 *■' |. 8,7 10-4 8,7 15-6 10.0 
3-5 8.5 10-5 15.0 15-7 10.0 
8-*6 7.3 13-1 9.7 15-8 
8.8 
8-7 7.2 13-2 13.5 15-9 10,2 
8-3 7.2 13-3 11.5 16-i 8.7 
8—9 6,8 13-4 12.2 16-2 9.7 
8-10 8.0 13-5 12.3 16-3 10,3 
8-11 6.5 14-1 9.3 16-4 9.8 
9—1 9.3 14-2 7.7 16-5 9.7 
9«2 9.8 14-3 6.7 16-6 9.5 
9-3 9.8 14-4 13.8 
9-4 8.5 14-5 9.3 
9-5 6.3 14-6 11.0 
9-6 6,8 14-7 7.8 
9-7 10.3 14-8 11.7 
9-3 5.3 14-9 12.3 
9-9 6,8 15-1 8,2 
9-10 13.0. 15-2 7.8 
7? 
Date -ir Tompora tune V.’ott L0 n Hie c t v 01 e S e ra t ion 
7/7/75 27 c full sun 8 cm 
Plot 
N limbo r 
Mean 
HR 
^lot 
iP-iTnber 
Mean Plot 
NumbcO n 
Mean 
rr^:> 
8-1 7.8 . 10-1 7.2 15-3 . 8.8 
3*"2 8.5 10-2 17.3 15-4 9.0 
3.3 7.7 10-3 8.5 15-5 8.7 
8 10.8 10-4 9.2 15-6 9.8 
8^5 8.5 10-5 16.0 15-7 9.8 
3-6 8.3 13-1 8.5 15-8 9.5 
3-7 7.8 13-2 13.5 15-9 10.5 
8-8 7.3 13-3 11.7 16-1 8.3 
8-9 7.2 13-4 12.5 16-2 8.8 
8-10 8.2 13-5 12.3 16—3 9.3 
8-11 7.0 14-1 7.8 16-1 9.2 
9-1 9.7 14-2 8.3 16-5 9.5 
9-2 9.5 14-3 7.0 16-6 9.7 
9-3 9.7 14-4 12.5 
9-4 9.5 14-5 9.0 
«) 
9-5 6.8 14-6 10.5 
9-6 8.7 14-7 9.0 
• 
9-7 10.7 14-0 13.0 
9-8 5.5 14-9 12.5 
9-9 7.3 15-1 7.5 
9-10 14.7. 15-2 7.3 
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Date ‘iir Temporaturo V.'o t-her* Ml0 c s cd 0 4^3ra t i on __ ^ 
7/i6/75 26 C partly cldy. 8 crn 
Plot Kean llot Moan Plot Mean 
Niunbe e IR I'inmber ER Nurr.be r 
8-1 8.2 10-1 7.5 15-3 9.2 
3*2 9.0 10-2 i5.5 15-4 8.7 
8-3 8.2 10-3 8.2 15-5 9.2 
11.0 lO-ip 9.0 15-6 9.8 
8-5 8.2 10-5 16.2 15-7 10.2 
3-6 8.5 13*1 9.0 15-8 8.3 
3*7 8.0 13-2 13.8 15*9 11.2 
3*8 7.5 13*3 10.3 16-r- 8.0 
8 *9 7.2 13-i; 11.0 lb-2 9.2 
8-10 8.3 13*5 12.7 16*3 9.5 
3-11 7.5 llp-l 7.5 16*4 9.0 
9*1 10.2 14-2 7.8 16—5 9.7 
9 *2 10.3 14-3 6.8 16*6 9.3 
9*3 9.3 14-4 11.5 
9-k 8.7 14-5 8.8 
9*5 7.0 • 14*6 10,0 
9*6 7.8 14-7 7.8 
9*7 11.2 14-0 11.0 
9-3 5.0 14-9 12.2 
9*9 7.2 • 15-1 7.7 
9-10 15.0, 15-2 7.0 
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Date Ai- T emparature VAi- he p Eloctrode Separation 
7/32/75 25 c full sun 8 cm 
PlvOt lAean i^lot Mean Plot Mean 
Numbe bR Niifri'rper ER Ilurnbe r ER 
8 "X 9.0 10-1 7.3 15-3 10.7 
3-2 9.7 10-2 iil.B 15-4 . 9.8 
3-3 8.0 10-3 8.2 15-5 9.8 
8[. 12.7 10-4 7.7 15-6 10.3 
8-5 7.8 10-5 16.2 15-7 11.u 
5-6 8.8 13-1 8.7 15-8 9.0 
S-7 8.0 13-2 14.7 15-9 11.3 
8"*8 7.3 13-3 10.8 16—J. 8.8 
8-9 7.5 13-!i 12.3 16-2 9.2 
8-10 7.7 13-5 13.0 16-3 9.8 
8-11 7.0 14-1 8.2 16-4 9.5 
9«1 8.8 14-2 9.5 16-5 10.3 
9-2 10.3 l)f-3 6.7 16-6 8.5 
9-3 9.5 14-4 15.5 
9-4 9.5 14-5 
0
 . 
0
 H 
9-5 6.8 14-b 13.0 
9 —6 8.0 14-7 8.7 
9-7 11.3 14-8 13.0 
9-8 5.7 14-9 12.8 
9-9 8.0 15-1 8.8 
9-10 16.7 15-2 8.3 
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Date Air T empenature V.’e.. '/ no r Elect:node Separat icn 
7/32/75 25 0 full sun 1 m 
Plot Kean I'lot ■ Moan Flee Mean 
Nunbep ZR Niirnhar ER Nuiabe r ER 
8-X 13.2 . 10-1 10.2 15-3 18.0 
3-2 14.0 10-2 27.7 15-4 15.7 
3-3 11.7 10-3 11.7 15-5 16.0 
21.5 10-4 14.2 15-6 16.0 
8-5 10.8 10-5 19.3 15-7 17.3 
5-6 12.0 13-1 14.3 15-3 18.0 
q 12.8 13-2 36.5 15-9 17.2 
8-8 13.0 13-3 21.2 16-1 11.0 
8—9 10.8 13-I4- 23.7 16-2 14.0 
8-10 13,7 13-5 33.2 16-3 15.0 
3-11 10.2 14-1 15.3 16-4 14.5 
9-1 16.8 14-2 16.2 16-5 14.5 
9-2 19.7 14-3 11.3 16-0 17.8 
9-3 14.5 14-4 33.5 
9—1}. 13.8 14-5 17.8 
9-5 9.8 14-6 21.3 
») 
9-6 13.0 14-7 16.0 • 
9-7 19.8 14-8 24.2 
9-8 8.8 14-9 26.3 
9-9 10.3 j.p-1 10,7 
9-10 27.5, 15-2 12.0 
81 
Duts A.ir Temue: 
7/29/75 23 
Plot 
i^^unber* 
b.ean 
ER 
8«1 13.5 
3 "’2 15.0 
12.2 
3 •"/ ^ 22.5 
3-5 10.8 
8-6 12.0 
8-7 13.3 
8-8 13.5 
8«9 10.5 
8-10 14.0 
8-ia iO.5 
9-i 17.2 
9-2 22.0 
9-3 16.2 
9-4 14.2 
9-5 9.7 
9-6 12.3 
9-7 18.8 
9-8 8.8 
9-9 11.5 
9-10 28.2, 
•ature ^hGP 
^ in m r ■■ ■! pH mmtiit it ^wr* >. i - i - ■ u i iw~ • ui. 
G full sun 
?lot 
NuTnbeP.. 
Mean 
ER 
10-1 11.0 
10-2 30.2 
10-3 11.8 
1 
0
 14.7 
10-5 20.2 
13-1 14.5 
13-2 35.8 
13-3 20.5 
13-4 22.7 
13-5 2^.8 
14-1 15.7 
14-2 15.8 
14-3 11.0 
14-4 32.5 
14-5 16.7 
14-b 20.7 
14-7 15.8 
14-8 22.2 
14-9 24.5 
15-i 11.2 
15-2 12.3 
ode Sgl; ara tion 
1 in 
Plot 
Nurabe 
Mean 
r ER 
15-3 18.5 
15-4 15.8 
15 "5 16.2 
15-6 15.0 
15“7 17.2 
15—3 16.0 
15-9 16.5 
16-1 11.5 
16-2 14.8 
16—3 14.8 
16-4 14.6 
16-5 13.5 
16-6 18.3 
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Dote Air T 8'mpG rature V^3 r.hGP K1 eel: rod e So pa ra t : on 
8/6/75 23 C partly cldy 1 m 
Plot Moan 
T^;P 
^lot 
Nj_;Tnl;)e 
Mean 
r ER 
Plot 
Niuaber 
Mean 
SR 
8 "“I 13.2 10-i 10.8 15-3 17.8 
3'*2 J-5.5 10-2 31.5 15-4 . 15.3 
o-»3 12.5 10-3 12.7 15-5 13.3 
3 "■/' ^ 23.8 10-4 14.8 15-6 14.0 
8»5 11.2 10-5 19.7 15-7 16.3 
8-6 12.2 
r-l 
t 
ro 
r-H
 15.0 15-3 16.2 
8-7 13.8 13-2 35.7 15-9 15.8 
C
O
 
1 
C
O
 13.8 13-3 21.0 16-1 11.5 
8-9 11.0 13-i^ 23.7 16-2 14.5 
8-10 13.3 13-5 30.2 16-3 13.0 
8-11 10.2 14-1 14.8 16-4 13.5 
9”1 18.8 14-2 16.0 16-5 13.5 
9-2 22.5 14-3 10.7 16-b 17.5 
9-3 16.3 14-4 35.2 
9-Ij. 15.2 14-5 17.2 
9-5 10.5 14-6 19.6 
9-6 12.8 14-7 14.8 
9-7 2i|.7 1!^-8 22.5 
9-8 8.8 14-9 25.8 
9-9 11.8 15-1 10.3 
9-lC 30.3. 15-2 11.2 
83 
Date Te: rape r-atune V;t ; ho p Elect^^odG Sena ration 
8/13/75 23 0 partly cldy 1 m 
Plot Mean ^Ict Mean Plot Mean 
N’jLmbo / £H Nr’-m.beP ER Wumbe r 
S'"! 11.2 . 10-1 9.8 15-3 x8.? 
3-2 12.0 10-2 21.6 15-4 lb.8 
3-3 11.2 10-3 11.7 15-5 14.5 
3 */ L 20.3 10-4 12.0 15-6 13.8 
8-5 10.5 10-5 17.5 15-7 if|.7 
8-6 11.0 13-1 15.5 15—8 1?.8 
8-7 12.8 13-2 24.8 15-9 15.7 
8-6 12.5 13-3 22.0 16-1 10.5 
8—9 11.5 13-11 19.8 16-2 13.7 
8-10 13.3 13-5 21.7 16-3 14.0 
8-11 9.0 14-1 13.2 16-4 12.7 
9-1 18.2 14-2 13.7 16-5 13.3 
9-2 i8.3 14-3 10.7 16-6 16.8 
9-3 16.2 14-4 34.5 
9-i}. Itj-.o 14-5 16.8 
9-5 9.3 14-5 16.3 
9 —6 12.8 14-7 15.3 • 
9-7 17.5 14-0 22.2 
9-8 8.5 14-9 24.2 
9-9 10.0 15-1 10.2 
9-10 21.8 15-2 10.8 
84 
Date 4ir TompGi-atiire V/c ho r Elect rode Sera rati on 
8/28/75 25 c full sun 1 m 
Plot 
NuTibor* 
Mean 
^ P 
llot 
Ni.i7n.bei'* 
Mean 
EN 
Piet 
Nurnbe r 
Mean 
Tp 
8 ”1 13.3 10-1 12.2 15-3 17.5 
3-2 14.0 10-2 27.7 15-4 16.0 
3-3 12.7 10-3 12.2 i5-5 14.0 
8 —1 23.7 10-4 15.7 15-6 15.5 
8-5 iO.5 10-5 18.3 15-7 16.3 
5-6 12.7 13-1 1S.3 I ^ Q 16.5 
8—7 15.2 13-2 36.5 15-9 16.5 
3-3 13.8 13-3 21.8 16-1 12.0 
8—9 10.5 13-11- 23.0 lb-2 15.7 
~8-io IS.3 13-5 29.0 16-3 14.8 
6-11 9.5 14-1 16.0 16-4 14.3 
9-1 20.3 14-2 15.3 16-5 14.8 
9-2 24.3 14-3 11.2 16-0 18.3 
9-3 18.7 14-4 31.8 
9-4 13.7 14-5 18.3 
9-5 10.5 14-6 21.2 
9—6 13.0 14-7 16.3 
9-7 22.5 14-8 21.6 
9-8 9.3 14-9 23.0 
9-9 11.3 
• 15-i 11.0 
9-10 32.5. 15-2 11.8 
85 
Date Hir Temuer-aturc . V/e.. K ne r Electrode Separation 
9/k/75 23 C full sun 1 m ■ 
Plot Kean Plot Hoan Plot Mean 
Niunbo £.yo Hinn'oer ER Nurabe r* ER 
3-1 15.8 10-1 13.0 15-3 19.7 
3-2 17.2 10-2 33.5 15-i; . 17.8 
3-3 13.5 10-3 12.7 15-5 15.3 
3 1. 23.0 10-4 17.5 15-6 15.7 
8-5 11.2 10-5 21.5 15«7 19.2 
8-6 13.7 13-1 18.7 15-3 20.0 
8-7 16.8 13-2 37.5 15-9 17.7 
8“»8 16.5 13-3 26.0 16-1 12.5 
8-9 11.7 13-i^ 28.0 16-2 X7.0 
6-10 17.0 13-5 33.2 16-3 15.8 
3-11 9.8 14-1 17.7 16-14- 15.7 
9-1 23.5 14”2 20.0 16-3 15.3 
9-2 26.5 14-3 12.3 16-5 24.3' 
9-3 20.7 14-4 38.0 
9-l| 15.0 14-5 .20.3 
9-5 10.7 14-6 24.0 
9 —6 14.3 14-7 17.3 
9-7 25.2 14-8 2i.6 
9-8 10.0 14-9 30.3 
9-9 11.7 15-1 11.5 
9-10 32.7 15-2 12.5 
86 
Date •'-ir T empGpature Vi/e .. '''he;/ Electrode S0)„aration 
9/18/75 21 C Overcast 1 m 
Plot ?-^3an llot • Mean Plot Mean 
Niunbej? SR ir EH Nurane r 
6-1 16.5 . 10-1 14.8 15-3 21.3 
3-2 17.2 10-2 38.3 15-4 18.5 
0-3 17.8 10-3 14.0 i5-5 14.8 
8—/|. 27.3 10-4 19.0 15-6 17.5 
8-5 13.8 10-5 23.8 15-7 21.2 
8-6 15.2 13-1 22.2 15-8 21.0 
3-7 18.3 13-2 39.5 15-9 19.2 
8-8 18.3 13-3 38.7 16-i 25.7 
8 —9 13.3 13-1; 31.2 16-2 16.3 
8-10 18.5 13-5 35.2 16—3 17.3 
8-11 10.5 14-1 20.2 16-4 17.3 
Q-l 27.8 14-2 21.7 16-5 17.7 
9-2 26.8 14-3 13.5 16-6 14.2 
9-3 21.3 14-4 39.3 
9-4 17.2 14-5 23.8 
9-5 11.3 14-6 23.7 
9-6 16.3 14-7 19.5 
• 
9-7 29.0 14-8 27.0 
9-3 11.5 14-9 31.5 
9-9 13.2 15-1 12.3 
9-10 37.5, 15-2 13.S 
8? 
-ir Tempor ature VJe '"■her Elecbrode Sepa ration 
ic/9/75 13 Partly Cldy. 1 m 
Plot 
Puribe r- 
Kaan Plot 
Nnrs'i per 
Mean 
ER 
Plot 
Nurace r 
Mean 
EH 
8-"I 22.7 10-1 19.0 15-3 27.7 
3-2 25.2 10-2 56.7 15-4 25.2 
3«3 20.7 10-3 19.7 15-5 22.8 
3 •^/’ j. 32.8 10-i; 26.8 15-6 23.7 
8-5 2U.8 10-5 38.5 15-^ 25.0 
8^6 21.0 13-1 22.7 15-8 24.7 
Q O ■*’ { 23.7 13-2 71.7 15-- 13.7 
8*-8 25.7 13-3 35.3 16-1 20.5 
6-9 19.7 13-4 39.3 
lb-2 22.8 
d—iQ 24.8 13-5 54.0 16-p 22.0 
3-11 16.0 14-1 29.0 16-4 
I 
21.7 
9-1 36.5 14-2 29.0 16-5 20.8 
9-2 38.7 14-3 20.7 16-0 31.8 
9-3 26.7 14-4 46.8 
9-1; 23.8 14-5 32.3 
9-5 18.0 14-6 33.5 
9-6 23.7 14-7 26.3 
9-7 13.8 14-8 31.5 
9-8 16.0 14-9 40.6 
9-9 20.2 . 15-i 19.5 
9-10 44.7, 15-2 18.8 

